sufficiently high and uniform to permit direct radiochemical sequencing of the antigens. HLA antigens were isolated by adsorption to a solid-phase anti-#2-microglobulin immunoadsorbent followed by electrophoresis. The method should be generally applicable and useful for sequencing all parts of the molecule.
Many laboratories are directing their efforts towards determining the primary structures of membrane proteins and cell surface antigens. The desired proteins usually constitute only a small fraction of the total cellular protein, making isolation of sufficient material difficult. Three general approaches to the problem are being exploited: Terhorst et al. (1) have successfully isolated and sequenced human HLA antigens using tissue cultures of the order of several hundreds of liters and conventional biochemical techniques. Another approach is to increase sequencer sensitivity. Bridgen and coworkers (2) have used phenyliso[s5S]thiocyanate (3) to sequence human HLA antigens purified by lectin affinity chromatography and immunoadsorption. Cultures of the order of tens of liters were required. A third approach to the problem employs radioisotopes biosynthetically incorporated throughout the whole of the molecules of interest. The procedure has the advantages that only small tissue cultures (20-100 ml) are needed, and that the results obtained are insensitive to the presence of unlabeled contaminants such as extrinsic antibody; the method is applicable to all parts of the molecule.
Intrinsic labeling of proteins for radioisotope sequencing purposes was successfully used by Jacobs et al. (4) , who labeled their protein with single amino acids. Silver and Hood (5), Henning et al. (6) , Vitetta et al. (7) , and Ewenstein et al. (8) have used this approach for the study of H-2 antigens purified by precipitation with alloantisera. The single amino acid method requires that the labeling be repeated many times with different radioactive precursors. It also requires a subsequent analysis when a given precursor labels more than one amino acid. Our Only the amino acid and pyruvate components are specified;
all other components are as in RPMI 1640. Input amino acids and pyruvate (Prv) were uniformly labeled with 14C, except for methionine, which was labeled with 35S only.
Electrophoresis. To monitor the progress of adsorption, analytical disc gel electrophoresis was performed on a small portion of each adsorbate. Polyacrylamide gels (15% acrylamide, 0.2% methylenebisacrylamide, 0.6 X 10 cm) containing sodium dodecyl sulfate (NaDodSO4) were prepared and run as described by Laemmli (11) . The gels were fractionated into counting vials with a Gilson model B100 GMA-GCB gel fractionator; radioactivity was measured by liquid scintillation counting. The remaining portions of those adsorbates that showed a good yield were pooled and subjected to preparative NaDodSO4 electrophoresis on standard sized gels (0.6 X 10 or 20 cm) that had been dialyzed against lower gel buffer.
These gels were fractionated as described above; crushed gel fractions were rocked overnight in 0.01 M NH4HCO3, 0.1% NaDodSO4 containing 100 ,g/ml of egg white lysozyme. Gel fragments were removed by low-speed centrifugation; peaks of radioactivity from the supernatants were pooled, dialyzed briefly against 0.01 M NH4HCO3, and lyophilized.
Sequencing. The presumptive HLA peak was subjected to automated Edman degradation in an Edman-Begg sequenator (12) (Illinois Tool Works, Illitron Div.) using the procedures for radioactive sequencing described by McKean et al. (9) . Tritium-labeled ribonuclease T1 was used as an internal standard to monitor sequenator efficiency (13) . The thiazolinones were identified by amino acid analysis after back hydrolysis with either HI or NaOH plus sodium dithionite (9, 14) , using the Durrum D-500 amino acid analyzer as modified by McKean et al. (9) . The two procedures together allow identification and quantitation of all amino acids except cysteine. In one experiment, a portion of the thiazolinones was converted to phenylthiohydantoins by heating to 80°for 10 min in 1 M HCl; the phenylthiohydantoin derivatives were analyzed by thin-layer chromatography and autoradiography.
Specific Activity Determination. The radioactive j32m recovered from NaDodSO4 electrophoresis was hydrolyzed for 24 hr at 127°in constant-boiling HC1. The hydrolysate was analyzed for radioactive amino acids as described for backhydrolysates (9) . The relative specific activities of the amino acids were estimated from the known composition of human 12m (15) . RESULTS Labeling. Table 1 presents the amino acid composition of the labeling medium used in a successful experiment, together with the relative specific activities of input amino acids and their output in isolated, radiolabeled ,32m. This mixture represents a compromise between high specific activity in the product, relatively uniform specific activities among the incorporated amino acids, and avoidance of the total depletion of any one amino acid. Some observations which may aid others are: (a) Pyruvate aids in the labeling of alanine, aspartic and glutamic acids, and amides. (b) Serine labels both glycine and serine. (c) The specific activities of arginine and histidine are deliberately set higher than the norm to compensate for analytical problems. (d) The starting concentrations of leucine and isoleucine must be at least 5 ,g/ml.
In the labeling experiment used to obtain the data shown in Fig. 2, 1 .6 X 108 cells were incubated in 40 ml of the labeling medium. Thirty percent of the starting radioactivity was depleted from the medium in 16 hr, while the final viability was greater than 85%. About 2.6 X 108 cpm were incorporated into cellular trichloroacetic-acid-insoluble materials; from this, about 9 X 105 cpm (0.35%) were recovered in purified HLA antigens.
Purification. The use of several sequential adsorptions allows recovery of most of the HLA antigens and I32m while minimizing a wasteful excess of immunoadsorbent, which would increase the background. This is illustrated by Fig. 1 , which shows data from five successive adsorptions with Sepharoseanti-12m from a radioactive lymphoblastoid cell lysate (the last two adsorbates were pooled before electrophoresis). The first adsorption (Fig. 1A ) reveals only two major radioactive peaks; recovery of these declines in the second and third adsorptions as shown in Fig. 1B and C, until essentially only background is found in the fourth and fifth adsorbates (Fig. 1D) (14) . The data for the HLA antigen sequences are shown without ( Fig. 2A) and with ( Fig. 2B ) correction for specific activities of each residue derived from the analysis of concurrently isolated 132m. These corrections change the apparent yield of some residues (e.g., tyrosine at positions 7 and 27), but the sequence to residue 22 can be easily deduced from the raw data.
Sequencer samples from residue 21 on showed a consistently higher background than those from the first 20 positions. We suspect that this is a consequence of their having been hydro--lyzed in a second batch several days after the first 20 residues. We do not regard our assignments of the residues from 21 to 27 as secure, except where they have been confirmed by subsequent analyses. Radioactivity eluting in the histidine region was particularly high and erratic after residue 21; similar problems have been encountered in the sequence analysis of other "4C-labeled proteins when HI hydrolysis was used (9) . For this reason, we deliberately raised the specific activity of histidine well above that of other amino acids.
Several additional sequence runs were performed ( Table 2 .) Two of these were of uniformly radiolabeled HLA antigens (II and III, Table 2 ); butyl chloride extracts from one of these runs (II) were analyzed both by thin-layer chromatography of the phenylthiohydantoin derivatives and by amino acid analysis after back hydrolysis with NaOH-dithionite. Several runs were also performed on material labeled with specific amino acids in various combinations; in these cases only amino acids known from our previous work not to label other residues were used, so that data could be obtained directly from double-label counting of the butyl chloride extracts.
Serine was distinguished from alanine by specific activity, by NaOH hydrolysis (14) , and by thin-layer chromatography; we cannot exclude serine at position 11. Separate labelings with cysteine and tryptophan documented the absence of these residues. Histidine, methionine, phenylalanine, and tyrosine were all confirmed by individual labeling experiments. In labeling IV (Table 2) Gly-Ser-His-Ser-Met-Arg-Tyr-Phe-Phe-Thr-Ala-Me-Ser-Arg-Pro-Gly-Arg-Gly-Glu-Pro-Pro-Phe-Ile---al---Tyr yield (1') at position 9; valine was also found in 1' yield at position 12 (Fig. 2B) . Together with the results of labeling IV, these data provide positive evidence for heterogeneity at these positions. DISCUSSION We have shown that radioactive amino acids can be incorporated with sufficiently uniform specific activities to permit protein sequence determination by radioactivity alone. The data presented in Fig. 2A would have permitted the correct assignment of 20 of the first 21 residues (within the constraints of an HI hydrolysis.) Our unfortunate delay in analyzing samples after residue 20 makes the later data less secure; however, we decided not to repeat the long NH2-terminal runs with
[14C]HLA chains, since the material is much more usefully employed for generating peptides that can be used in further sequence studies.
A comparison of the mixed sequence data deduced from our multiple labeling procedure with published sequences from two other laboratories using different methods demonstrates excellent agreement in the results obtained with the three different techniques (Table 3 (13) . (e) Finally, the entire molecule is available for sequencing; the relatively uniform radiolabel permits easy detection of all of the peptides produced by chemical or enzymic cleavage.
